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Energy flows in deep inelastic electron-proton scattering are investigated at a centre-of-mass energy of 296 GeV for the range Q2 > 10 GeV 2 using the ZEUS detector. A comparison is made between events with and without a large rapidity gap between the hadronic system and the proton direction. The energy flows, corrected for detector acceptance and resolution, are shown for these two classes of events in both the HERA laboratory frame and the Breit frame. From the differences in the shapes of these energy flows we conclude that QCD radiation is suppressed in the large-rapidity-gap events compared to the events without a large rapidity gap.
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Introduction
In a previous publication [ 1 ] we reported the observation of events with a large rapidity gap in deep inelastic ep scattering (DIS) at HERA. We concluded that these events are not described by standard QCDinspired fragmentation models [ 2, 3 ] . Furthermore we presented indications that the mechanism is diffrac- Recently we have also reported on the observation of jet production in these events [4] .
Energy flow measurements naturally complement jet studies; in particular, they are sensitive to QCD radiation, i.e. soft partonic emissions in addition to the hard scattering. Energy flows do not depend on a particular jet classification scheme, they are infrared-safe and, according to the idea of local parton-hadron duality (LPHD) [5] , they are determined by the partonic structure of the events. Experimentally in the ZEUS detector at HERA, energy flows have the advantage that they can be measured with little bias in a large fraction of the events. In a previous publication [6] we have used energy flow measurements to discriminate between different QCD-inspired models for DIS. In this paper we study the hadronic energy flow in large-rapidity-gap events, both in the laboratory and in the Breit frames of reference. We also compare with the corresponding energy flows in non-rapidity-gap events.
Experimental setup

HERA machine conditions
The experiment was performed at the electronproton collider HERA using the ZEUS detector. During 1993 HERA operated with bunches of electrons of energy Ee = 26.7 GeV colliding with bunches of protons of energy Ep = 820 GeV, with a time between bunch crossings of 96 ns. HERA is designed to run with 210 bunches in each of the electron and proton rings. For the 1993 data taking 84 paired bunches were filled for each beam and in addition 10 electron and 6 proton bunches were left unpaired for background studies. The electron and proton beam currents were typically 10 mA.
The ZEUS detector and trigger conditions
ZEUS is a multipurpose magnetic detector whose configuration for the 1992 running period has been described elsewhere [7, 8] . For the present analysis we used the following components of ZEUS:
Charged particles are tracked by the vertex detector (VXD) and the central tracking detector (CTD) which operate inside a thin superconducting solenoid providing an axial magnetic field of 1.43 T. The solenoid is surrounded by a high-resolution uraniumscintillator calorimeter divided into three parts, forward (FCAL) covering the pseudorapidity 43 region 4.3 > 77 > 1.1, barrel (BCAL) covering the central region 1.1 > 7/ > -0.75 and rear (RCAL) covering the backward region -0.75 > ?7 > -3.8. The solid angle coverage is 99,7% of 4~r. The calorimeter parts are subdivided longitudinally into electromagnetic (EMC) and hadronic (HAC) sections. The sections are subdivided into cells, each of which is viewed by two photomultiplier tubes. The calorimeter is described in detail in [9] [10] [11] . The C5 beam monitor, a small lead-scintillator counter arrangement, located at Z = -3.2 m close to the beampipe, was used to detect upstream proton beam interactions and to measure the timing and longitudinal structure of the proton and electron bunches from the arrival time of stray particles accompanying the particle bunches in HERA. The vetowail detector, consisting of two layers of scintillator on either side of an 87 cm thick iron wail centered at Z ---7.3 m was also used to tag off-beam background particles. For measuring the luminosity as well as for tagging very small Q2 processes, we used two lead-scintillator calorimeters located at at 35 m and 107 m upstream from the interaction point. These components are described in some more detail in [4] .
Data were collected with a three-level trigger [7] . The First Level Trigger (FLT) is built as a deadtimefree pipeline. The FLT for DIS events required a logical OR of three conditions on sums of energy in the EMC calorimeter cells: either the BCAL EMC energy exceeded 3.4 GeV; or the RCAL EMC energy, excluding the towers immediately adjacent to the beampipe, exceeded 2.0 GeV; or the RCAL EMC energy, including the beam-pipe towers, exceeded 3.75 GeV. For events with the scattered electron detected in the calorimeter, the FLT was essentially independent of the DIS hadronic final state. The FLT acceptance was greater than 97% for Q2 > 10 GeV 2. The Second Level Trigger (SLT) used information from a subset 43 The pseudorapidity r/ is defined as -In(tan0/2), where the polar angle 0 is taken with respect to the proton beam direction from the nominal interaction point.
of detector components to differentiate physics events from backgrounds. The SLT rejected proton beam-gas events according to the event times measured in the rear calorimeter thereby reducing the FLT DIS triggers by an order of magnitude, but without loss of DIS events. The Third Level Trigger (TLT) had available the full event information on which to apply physicsbased filters. The TLT applied stricter cuts on the event times and also rejected beam-halo muons and cosmic muons.
Kinematics of deep inelastic scattering
The kinematic variables used to describe deep inelastic scattering events, e (k) + p (P) e (k') + anything, are the following: the negative of the squared four-momentum transfer carried by the virtual photon 44, ~,,, Q2 __. _q2 = _ (k -k') 2, where k and k' are the four-momenta of the initial and final-state electrons, respectively; the Bjorken For the present analysis the double-angle method [ 12] has been used to determine the bin variables. Quantifies determined in this way will be denoted by the subscript DA. Here, all event variables are derived from the scattering angle of the electron and the angle "Yn. It is determined from the measured energy depositions in the calorimeter cells in the following assigned to each cell i of energy Ei such that p2 = 0. The variable YJB is a good estimator for y even 44 In the Q2 range covered in this analysis, neutral-current ep interactions are described to sufficient accuracy by the exchange of a virtual photon. 45 The abbreviation JB stands for Jacquet-Blondel [ 13] .
if a significant amount of energy escapes in the direction of the proton beam: Final state particles produced close to this direction give a negligible contribution to 8H, and therefore to yJa, since these particles have (E-pz) "~ 0. Next, we calculate the transverse momentum, Pr, of the hadronic system and ~n from cosyn = (pT 2 --8H2)/(pT 2 + 8H 2) where/72 = (EiPix) 2 + (EiPiy)2 [12] .
The pseudorapidity corresponding to the )'n direction, r/r ., can be expressed as ~Tr, = ln(pr/Sn). Since Pr is related to Q and y through Pr --Q" x/1 -y, one sees from the above formulae that if y is sufficiently high (> 0.04), ~n will point into the rear hemisphere at low Q2 (Q2 ~ 5 GeV2). As Q2 grows the Tn direction turns slowly to the forward hemisphere.
Energy flow distributions will also be presented in the Breit frame. The Breit frame is defined by the requirement that the vector (q + 2xP) has no space-like components. As a consequence the virtual photon, ~,*, carries only a space-like co~mponent, conventionally assigned to the negative z direction: q = (0, 0, 0, -Q). The z component of the momentum of the incoming quark is Q/2 before and pQPM = -Q/2 after the interaction with the ~,*. The Breit frame is also referred to as the "brick wall" frame since in lowest order the incoming parton simply reverses its direction.
Data selection
The offline selection of DIS events was similar to that described in our earlier publications [ 1, 14] . Scattered electron candidates were selected by using the pattern of energy deposition in the calorimeter. The electron energy was required to be more than 10 GeV. The electron identification algorithm was tuned for purity rather than efficiency. In studies with Monte Carlo DIS events and test beam samples the purity was estimated to be > 96%. We demanded -Q2 A _> 10 GeV 2; -YJB ~ 0.04, to give sufficient accuracy for DA reconstruction; -8 > 35 GeV, to control radiative corrections and photoproduction background (8 is calculated like the quantity 8H described in the previous section The energy flow in the HERA frame as a function of the pseudorapidity difference Ar/= r/eel I --r/rn with and without a cut on forward energy deposits in the calorimeter. The solid circles depict the energy flow including forward energy deposits while the histogram represents the same events after those energy deposits below 10 ° have been removed.
-Ye < 0.95, where Ye is the variable y defined in section (3) calculated from the electron variables, to reduce the photoproduction background. Furthermore we required -a vertex, determined from VXD and CTD tracks, in the range -50 __% Zvtx _< 40 cm and a radial distance from the beamline R = x/Xv2tx + Yv2tx < 8.5 cm; -the position (X, Y) of the scattered electron in the RCAL to lie outside a square of 32 x 32 cm 2 centered on the beam axis; -no more than 5 GeV of energy deposition in the photon calorimeter of the luminosity detector, to exclude events with large initial-state radiation. Finally, we rejected Compton scattering events and cosmic and beam-related muons.
A total of 26210 events was selected in this way corresponding to an integrated luminosity of 550 nb -l. Fig. 1 a shows the distribution of the variable ~max for all events in the final selection where ~/max is the pseudorapidity of the most forward calorimeter condensate with an energy above 400 MeV. A condensate is a contiguous energy deposit above 100 MeV for pure EMC and 200 MeV for HAC or mixed energy deposits. The distribution has not been corrected for detector acceptance and resolution and, in particular, the dip near r/max ~ 1 is a detector effect. Values of r/max _> 4.3, which are outside the calorimeter acceptance, occur when energy is deposited in many contiguous cells around the beam pipe in the proton direction. Also shown in Fig. la are the results from two Monte Carlo programs, namely CDMBGF (full histogram) which describes standard DIS processes and POMPYT (dashed histogram) which is a model for diffractive DIS processes. The Monte Carlo programs are described in the following section. The normalizations of the Monte Carlo distributions have been chosen such that their sum gives an optimal description of the data. As noted in [ 1, 4, 15] , the data show a clear excess over the predictions of a standard DIS model at values of r/max < 1.5. The event sample is split into two classes: those events which have r/max < 1.5 are called large-rapidity-gap events. The rest of the events are called non-rapidity-gap events. In total, 1241 events are in the first class and 24969 events are in the second class. For the large-rapidity-gap events an upper limit of 2% (25 events) was estimated for non-DIS backgrounds such as photoproduction, cosmics, beam-gas and beam-wall interactions.
We will compare energy flows with respect to the YH direction in large-rapidity-gap and in non-rapiditygap events. For events selected by the r/max cut, the energy flow is necessarily small at pseudorapidities greater than r/max. In order to obtain a range of at least two units in pseudorapidity between r/max and r/r, we require r/r-< -0.5. A lower cut on r/r, was chosen at -2.5 units in order to avoid the boundary of the calorimeter near the rear beam pipe. The centre of the Yn bin, r/r, = -1.5, corresponds to Yn = 155 °. In Fig. 1 b the two curves delimit the range -2.5 < r/r, < -0.5. The horizontal lines delimit the Q~A bins used in the analysis. The highest Q~A bin has no upper limit. We see from this figure that the majority (79%) of the large-rapidity-gap events with Q~A > 10 GeV 2 are contained in the selected intervals. Applying the same cuts to the non-rapidity-gap events we select 51% of the sample as shown in Fig. lc. 
The Monte Carlo simulation
The expected final states from DIS were modelled using two different sets of generators, the first one for the description of the non-rapidity-gap events and the second one to model the large-rapidity-gap events.
Events from standard DIS processes were generated using two alternative Monte Carlo models, LEPTO 6.1 [ 16] with ARIADNE 4.0 [ 17, 2] as implemented in [18] (CDMBGF) and with the matrix element plus parton showers (MEPS) option within LEPTO 6.1. In both models electroweak radiative corrections were implemented with the help of HERACLES [19] which was interfaced to LEPTO 6.1 via the program DJANGO 6.0 [20] . The proton parton densities were chosen to be the MRSD -~ set [21] which gives an adequate description of the HERA structure function results [ 14, 22] . Note that these Monte Carlo codes do not contain explicit contributions from diffractive y*p interactions.
In order to model the DIS hadronic final states from large-rapidity-gap events we have studied two Monte Carlo event samples, one of which was generated by POMPYT [ 23 ] . POMPYT is a Monte Carlo realisation of factorisable models for high energy diffractive processes, where within the PYTHIA [ 24 ] framework, the beam proton emits a pomeron, whose constituents take part in a hard scattering process with the virtual photon. The quark density in the pomeron is assumed to be hard:
where/3 denotes the fraction of the pomeron momentum carried by the quark. Note that the shape of the hard quark density in POMPYT is the same as that proposed by Donnachie and Landshoff [ 25 ] . The second sample was generated following the NikolaevZakharov (NZ) model [26] which was interfaced to the Lund fragmentation scheme [27] . The NZ model, which is not factorisable, assumes that the exchanged virtual photon fluctuates into a quark-antiquark pair which interacts with a colourless two-gluon system emitted by the incident proton. The resulting effective /3 distribution is somewhat softer than the one used for POMPYT. The diffractive Monte Carlo samples were generated with parameter settings as described in [4] . QED radiative processes were not simulated for these events. With the DIS selection cuts of Section 4, radiative corrections are below 10% [ 14] . Event samples generated by Monte Carlo methods were processed by the ZEUS detector simulation program which is based on GEANT 3.13 [28] and which incorporates detector and trigger simulation. The events were then run through the standard ZEUS offline reconstruction program.
6.
Correction procedure
In the HERA frame we measure the energy flow, The measured distributions are distorted with respect to those of the true final state particles due to trigger biases, event selection cuts and the finite acceptance and the response of the detector. The detector and trigger simulation programs together with samples generated from different Monte Carlo programs have been used to estimate the distortions and to correct for them by multiplying the measured distributions by a correction function c(x) in each bin of Q~A and 7n. X is either the pseudorapidity difference, Ar/, or the pseudorapidity in the Breit frame, r/*, and c(X) is calculated in the simulation as the bin-by-bin ratio ax ) ) (2) In this expression variables with subscript (gen) and (obs) refer to the true quantities as generated in the Monte Carlo program at the hadron level and the simulated quantities observed at the detector level, respectively. Ngen and Nobs are the number of events generated and observed in the respective ('Yn, Q2A) bins, A Egen (A Eobs) is the sum over the generated (observed) energies of hadrons (calorimeter cells) in the respective bins of X, and AX is the width of the X bin. Thus one accounts for energy losses, resolution, event selection cuts, event migrations and trigger biases. We correct the non-rapidity-gap event sample using the CDMBGF Monte Carlo program and the largerapidity-gap events using the POMPYT Monte Carlo program for diffractive 9'*P scattering. To confirm that this correction method is justified we have checked that -the chosen bins in Ar/and 77* are at least 30% larger than the resolution; -the correction function c(x) does not deviate from unity by more than 40% in the bins shown; -c(x) does not show a strong model-dependence in models that adequately describe the data. The differences between the Monte Carlo models are treated as part of the systematic error. However, no correction is made to the largerapidity-gap data for the r/max cut which is used to define this sample. The acceptance due to the r/max cut for events generated using the diffractive Monte Carlo programs is about 35%. Therefore in this sample a cut equivalent to the r/max cut is applied at the generator level by excluding events with hadrons above 400 MeV in the range 1.5 < ,7 < 5. The value of r/= 5 was chosen to approximate the edge of the forward beam pipe aperture in the calorimeter.
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We estimate the systematic errors by: 
Energy flows in the laboratory frame
We first discuss the energy flow of the non-rapiditygap events (open circles in Fig. 2) . At high Q2 A the QPM peak appears near A~] ,,~ 0. Furthermore, the energy flow rises towards the proton direction and there is substantial energy flow in between the struck quark and proton directions. With decreasing Q2A, the QPM peak becomes less pronounced. At low Q2 A it is clearly seen that the QPM peak is rather broad, and is shifted towards positive values of At/by about 0.4 units and that the energy is emitted predominantly at positive values of At/ [6] . The resolution in At] is approximately constant at 0.16 units over the entire range shown, determined predominantly by the resolution in ~]cell.
The energy flow distributions of the large-rapiditygap events (solid circles in Fig. 2 ) exhibit striking differences to the ones in the non-rapidity-gap events. In particular, the large-rapidity-gap-events show a much simpler structure: -the peak of the energy flow is nearly centered at AT/= 0; -the energy is well collimated within 4-1 unit ofpseudorapidity around the TH direction; -the collimation changes little with Q2A; -there is only little energy flow in the region between the )'H and the proton directions. We explain the differences of the two energy flow distributions by the suppression of QCD radiation in the large-rapidity-gap events. In the naive QPM the photon strikes a quark, with momentum fraction xP in the proton, and produces a massless jet. In contrast, in the leading order QCD correction to this process, the T* interacts with a parton from the proton and produces a quark-antiquark or quark-gluon pair. At the same value of x the incoming parton now carries a fraction of the proton momentum p = ~:P where ~: is larger than x to allow for the emission of a parton pair with, in general, a non-zero invariant mass 46. This leads to a net shift of the resultant direction of the parton pair towards the proton direction.
To estimate the size of the effect, we have computed the contribution to the energy flow from just the first order QCD processes. We have used the exact first order matrix element (ME) calculation for QCD 46 Note that (q+xP) 2 =_ 0 whereas (q+ (p)2 > 0. 
Compton (QCDC) and Boson-Gluon Fusion (BGF)
as implemented in the LEPTO 6.1 Monte Carlo program [ 16] . The contributions of the two final-state partons to the energy flow are shown in Fig. 3 for two (x, Q2) intervals. The computation at the parton level, with the standard ME cutoff parameter setting, confinns the qualitative argument developed above: the radiation is emitted strongly in the direction of the proton with a fiat distribution in between the proton remnant and the QPM peak. The peak is also shifted at low Q2 towards the proton direction. The characteristics of the first order processes are preserved in higher order since the emission of three, four and more partons can be approximated by a Markov chain of emissions where each individual emission has the same structure as in the two parton case [29] . The CDMBGF Monte Carlo calculation which includes higher order partonic emissions (full histogram in Fig. 2 ) is in good quantitative agreement with the non-rapidity-gap data (open circles in Fig. 2) . Hence, we can conclude that QCD radiation is responsible for shifting the QPM peak and for filling in the region between the struck quark and proton directions. Reversing the argument we can also conclude that QCD radiation must be suppressed in the large-rapidity-gap events, otherwise we would observe both a shift of the QPM peak towards the proton direction and substantially more energy emitted between the direction )'H and the proton. A very small fraction of the events generated using the CDMBGF Monte Carlo program satisfy the 7/max cut as can be seen in Fig. la. The energy flows of these events (not shown here) are qualitatively similar to those of the large-rapidity-gap events indicating that by the 7"/max cut we select events with little QCD radiation also in the CDMBGF Monte Carlo sample. These events are the result of rare fluctuations in the parton showering process. Since we cannot reproduce the rate of large-rapidity-gap events observed in the data with standard DIS Monte Carlo models we compare the events to models for diff active ep scattering. One of these models, namely POMPYT, is shown as the dashed histogram in Fig. 2 . It is in good quantitative agreement with the data.
In our previous publications [ 1, 4] we have noted that in large-rapidity-gap events the mass Mx of the hadronic system observed in the detector is small compared to the typical masses observed in non-rapiditygap events. The prominent features of the energy flow of the large-rapidity-gap events, namely the absence of a QPM peak shift and the narrow collimation, can be interpreted as a direct consequence of the fact that
Mx is small in these events. Indeed, QCD radiation produces large masses, so that the observation of predominantly small masses Mx would lead to the same basic conclusion, namely that QCD radiation is suppressed.
Energy flows in the Breit frame
The structure of the energy flows in the HERA frame is dominated by the large transverse boost with respect to the virtual photon direction. In photonaligned frames this kinematic effect is removed and the QCD dynamics become more apparent. In Fig. 4 we show the energy flow for the two classes of events as a function of the pseudorapidity, ~*, in the Breit frame (see Section 3). This frame is a photon-aligned frame and, as shall be shown later, it is a reasonable approximation to the centre-of-mass system of the diffractively produced hadrons in the large-rapiditygap events.
These distributions were calculated in the following way: the transformation from the HERA frame to the Breit frame consists of a boost, followed by a rotation such that after the transformation the virtual The large-rapidity-gap events have not been corrected for the "0max cut used to select these events.
photon direction is defined to be the z axis. The boost and rotation are computed from the momenta of the virtual photon and the incoming proton. The momentum of the virtual photon is determined by measuring the scattering angle of the electron in the calorimeter and determining its energy from the double-angle variables. This method minimizes the systematic error introduced by the transformation. A calorimeter condensate is treated as a particle with a pion mass. (The results obtained are not sensitive to the precise choice of this mass.) Its momentum is transformed into the Breit frame and the energy flow is plotted as a function of the pseudorapidity, ~/*. The distributions are corrected for the effects of detector acceptance and resolution. The corrections are smaller than 40% in the range -2 < ~7" < 2 and the resolution in 7/* varies from 0.1 units in the central region to 0.3 units at ± 2 units of pseudorapidity.
In the Breit frame one can separate the target and the current fragmentation regions. In Fig. 4 the current fragmentation region is on the left (negative values of ~/*) and the target fragmentation region is on the right (positive values of 7*). In the non-rapidity-gap events the energy flow is steeply rising from the current region to the target region while in the large-rapiditygap events it is fiat at a value of the order of 1 GeV per unit of pseudorapidity. Hence in the target region the energy flow for large-rapidity-gap events is much smaller than for non-rapidity-gap events. In the current region, however, the energy flow for large-rapidity-gap events is larger than for non-rapidity-gap events.
This difference in the current fragmentation region is another sign of QCD radiation in the non-rapiditygap events as can be seen from the following argument. In the QPM in the Breit frame the incoming quark carries momentum Q/2 and is emitted with momentum pQPM __ -Q/2 along the z direction. In the Z leading order QCD correction to the QPM the parton comes in with momentum Q/2, but the outgoing parton pair has a z component pradz given by
where ~ is the square of the invariant mass of the emitted quark-antiquark or quark-gluon pair. When Q2 >> the radiation is emitted in the QPM direction, pz d ,,~ pQPM However, at low Q2, g is likely to be bigger than Z Q2 and the radiation will be emitted in the direction opposite to the QPM direction. Typically, the minimum ~ is around 20 GeV 2 in our kinematic region, therefore at Q2 around 10 GeV 2 the emitted radiation has prad = Q/2 or more, whereas pz QPM ---Q/2. Z QCD radiation pulls energy from the Breit frame current region into the target region. These features are well described by the CDMBGF Monte Carlo (solid histogram in Fig. 4 ).
The energy flows of the large-rapidity-gap events in the Breit frame are well described by the POMPYT Monte Carlo program with a hard structure function (dashed histogram in Fig. 4 ) and by the model of Nikolaev and Zakharov (dotted histogram in Fig. 4 ). The shaded histogram in Fig. 4 shows the contribution from the target hemisphere of the centre-of-mass system of the diffractively produced hadrons as calculated in the POMPYT Monte Carlo model. Within the framework of the POMPYT model this contribution can be interpreted as the remnant of the pomeron dissociation.
Conclusions
We have compared energy flows in ep DIS events with and without a large rapidity gap at a centre-ofmass energy of 296 GeV as a function of Q2 for values of Q2 above 10 GeV 2. The distributions are corrected for effects of detector acceptance and resolution. We find that the energy flows are strikingly different in the two classes of events.
In the HERA frame a clear peak in the QPM struck quark direction is observed in the non-rapidity-gap events at high values ofQ 2 (< Q2 >= 380 GeV2). As Q2 decreases this peak becomes less pronounced with most of the energy emitted at positive values of A,/. Substantial energy flow between the struck quark and the proton directions is observed forming an intermediate plateau the level of which depends only weakly on Q2. In addition, the QPM peak is shifted from its direction in the naive QPM by up to 0.4 units of pseudorapidity towards the proton direction in the lowest Q2 bin. These features are understood as the result of QCD radiation. In the large-rapidity-gap events the energy is collimated within ± 1 unit of pseudorapidity around the QPM direction in the HERA frame. This collimation changes slowly with Q2. Only a small shift of the QPM peak is observed even in the lowest Q2 bin. Furthermore, there is little energy flow between the QPM struck quark and the proton directions. This strongly suggests that QCD radiation is suppressed in these events. In events selected by requiring no energy at pseudorapidities ,7 > 1.5 we observe little energy already at pseudorapidities ,7 > -0.5.
In the Breit frame for non-rapidity-gap events the energy flow is rising rapidly from the current towards the target region. This behaviour is well described by the CDMBGF Monte Carlo model. For the largerapidity-gap events the energy flow is approximately constant at about 1 GeV per unit of pseudorapidity in the current and the target regions. Comparing the large-rapidity-gap events to two different models of diffractive dissociation, namely the POMPYT Monte Carlo with a hard quark density and the model by Nikolaev and Zakharov, we find that both give an adequate description of the data.
In conclusion, we have demonstrated that QCD radiation is strongly suppressed in deep inelastic scattering events with a large rapidity gap. In conjunction with our previous observation that these large rapidity gap events are consistent with a leading twist behaviour, the suppression of QCD radiation indicates the presence of a colourless object in the proton.
